Abstract
serving students in introductory engineering courses, especially those that have traditionally low success rates, given that one of our primary goals is to increase student retention. In addition, given that approximately half of our graduate TAs are international students, we place an emphasis on helping them better understand cultural aspects associated with American educational system that impact interactions with students, faculty, and staff.
Based on advice from faculty and the college-and university-wide initiatives cited above, we developed specific objectives upon which the certification program was built. Before learning about how to better teach their students, we recognized that TAs, particularly international TAs, should have a solid understanding of the broad experiences and mindsets of our undergraduate students and the culture of higher education in the United States. Similarly, we recognized that TAs should be able to model and provide supports for students to develop the characteristics of successful engineering students, as well as understand and mitigate the mindsets, attitudes, and beliefs that can be obstacles to student success.
From the standpoint of teaching, we recognized that TAs should understand the fundamentals of pedagogy as they apply to engineering education, the principles of working with adult learners, adapting to different student learning styles, and how to actively engage students by developing effective questions and questioning strategies. Lastly, we recognized that TAs should be coached in managing the day-to-day aspects of a TA position, such as working with faculty and staff, grading student work, conducting office hours, and using learning management systems.
Overview of the TA Certification Program
All new TAs are required to be certified during the first semester in which they are appointed as a TA, regardless of their assigned duties and level of student contact. To become certified, TAs are required to participate in the certification workshop, be observed in the classroom or participate in a teaching practicum, and conduct early-and end-of-semester surveys of student ratings of teaching effectiveness. Each of these requirements will be described in detail in the following sections.
TA Certification Workshop

Workshop Design Principles
The TA certification workshop is an all-day workshop that is held prior to the start of classes in fall semesters and a week and a half after the start of classes in spring semesters. The workshop was developed under the guidance of the following design principles:
 The workshop should entail approximately six hours of professional learning time  Facilitators should include experts, practitioners, and seasoned TAs  Participants should work in table groups of approximately eight people  Sessions should make use of a diverse set of delivery modes, such as individual reflection and planning, small-group collaboration, and whole-group discussions  Sessions should model what effective learning environments look like  Participants' experience and expertise should be acknowledged and leveraged  Content should be based on research and proven educational practices  A majority of the activities should be interactive  Content should be presented from an engineering education perspective as much as possible  Actual engineering materials, e.g., problems, lab procedures, etc., should be used in activities as much as possible
The objectives, approaches, and content of each session of the workshop are described in detail in the following sections.
Session 1: Understanding the Undergraduate Engineering Student Body and the Culture of Higher Education in the United States
The objectives of this session are for TAs to develop a stronger understanding of the cultural norms of higher education in the United States, to develop a sense of the types of issues that arise when working with students, and to learn about college-and campus-wide resources to which students can be referred for assistance with academic and personal issues.
The session begins with a brief interactive presentation that covers (1) the results of studies that address college student mindsets and attitudes towards higher education in general and (2) American cultural attitudes regarding time and personal interactions, especially those between students and faculty, and their impact on the educational environment.
The main part of the session comprises an activity where the participants are presented with scenarios that describe real-world difficult or awkward situations that they are likely to encounter when working with students, faculty, and staff. Examples of such scenarios include: The participants are first asked to individually think about what they would do (or not do) in that particular situation and then are given a few minutes and jot down their ideas. Next, the participants form groups of two or three people and share their responses such that they can recognize common threads and discuss differences. During this time, facilitators circulate the room to listen in on group discussions and provide additional direction or prompting as required. The session culminates with the lead facilitator asking individuals to share with the whole group what they discussed in their small groups and to moderate the ensuing discussion.
Session 2: Principles of Student Success
The objectives of this session are for TAs to develop an expanded view of what it means to be a successful engineering student, increase awareness of the variety of self-beliefs that engineering students may possess about their own academic abilities, and develop strategies that TAs can use to encourage productive behaviors and beliefs in a variety of student scenarios they are likely to encounter, especially when working with struggling students.
The session begins with large group discussion question: What are the qualities of successful engineering students? Participants are first asked to reflect on this question and then provide their responses via an online polling tool using their smartphones or other mobile devices. These qualities are then sorted into two categories: visible qualities, such as math and reasoning skills, critical thinking, time management, class participation, etc., and underlying mindsets, attitudes, and beliefs, such as seeing oneself as an engineering learner, having a clear and purposeful reason for majoring in engineering, seeing oneself as part of a learning community, etc. The conversation continues by helping TAs build their awareness of how student mindsets and beliefs can affect academic behaviors by presenting recent research findings from educational psychology. In particular, the malleability of intelligence and how students can develop a "growth mindset", versus a fixed mindset, in the context of their academic endeavors.
The session continues with a small group activity where TAs are presented with scenarios that describe situations where students, either individually or as a group, encounter academic situations that challenge their self-image as a successful engineering student. Examples of such scenarios include: Participants form groups of two or three people and discuss strategies to encourage these students to persist and develop a growth mindset. During this time, facilitators circulate the room to listen in on group discussions and provide additional direction or prompting as required. The session culminates with the lead facilitator asking individuals to share with the whole group what they discussed in their small groups and to moderate the ensuing discussion.
Session 3: Fundamentals of Engineering Education
This is the longest session in the workshop, and takes about twice as much time as any of the other sessions. The objectives of this session for TAs to learn about the characteristics and needs of different types of learners, to investigate successive levels of learning as outlined using Bloom's Taxonomy, to develop a systematic approach for developing engaging questions for students at various levels of understanding, to understand how fostering an environment of "productive struggle" increases knowledge retention and deep understanding of engineering concepts, and to understand basic elements of lesson planning.
The session begins with an interactive presentation that covers the following: (1) learning-style models such as VARK and the experiential learning cycle, (2) developing strategies for increasing student-centered learning, (3) Bloom's Taxonomy of educational objectives, (4) the concept of scaffolding questions to increase student engagement and allowing students to struggle with engineering content, (5) lesson planning, and (6) grading.
The session continues with breaking TAs into small groups of 2 or 3 people and presenting them with a problem from their specific engineering discipline that most students would find moderately difficult. The groups are presented with a scenario in which they are working individually with a student or with a group of students in a classroom setting on the problem. The groups are asked develop a questioning strategy where the TA facilitates as the students work through the solution by asking scaffolded questions, as opposed to the TA simply providing the solution to the problem in an expository manner. Lastly, the group is asked to couch this strategy into a wider lesson plan by answering the following questions:
 What is the overarching engineering concept being explored in this lesson?  What are the student learning objectives for this lesson?  What pre-requisite knowledge to students need for this lesson?  Where might students have difficulties? Which misconceptions may appear?  What guiding questions can you ask to facilitate student learning, without simply giving the solution away?
The groups are required to write their strategies and lesson plan outlines on poster paper. While the groups work on this activity, facilitators circulate the room to listen in on group discussions and provide additional direction or prompting as required. The session culminates with a "gallery walk", where all of the groups walk around the room and review and critique the strategies and lesson plans that other groups developed.
Session 4: Effective Use of Learning Management Systems
The objectives of this session are for TAs to become familiar with the features and capabilities of the Canvas learning management system and to learn how to get further training and support in using Canvas to manage TA responsibilities and work more effectively with students and faculty.
This session entails a live demonstration of the Canvas learning management system, with a focus on the features that TAs are mostly likely to use, such as communicating with students, organizing online course materials and assignments, administering online quizzes, grading student work, scheduling meetings, and entering grades. This session is facilitated by the training and outreach coordinator from the campus-wide information technology group. TAs are encouraged to ask questions and bring up concerns during the demonstration to make the discussion more interactive.
Classroom Observation and Teaching Practicum
Depending on their assigned duties, TAs are observed during their classroom or laboratory session or they participate in a teaching practicum.
Classroom or laboratory observations are conducted by the director of TA certification. The observation protocol calls for a 30 -45 minute observation of teaching practices, with a focus on the following aspects:
 projecting authority and confidence; building a rapport with students  clearly stating learning objectives for the session  speaking volume, pace, and clarity  effective use of educational technology  quality of "board work", e.g., legible writing, clear and effective diagrams/graphs, etc.  quality of technical communication  checking for student understanding  asking effective questions to promote critical thinking and engagement  ensuring broad participation from students; not engaging the same students all of the time  checking in with students about their perceptions of the difficulty of assignments and exams; reminding students about office hours; demonstrating that they are effectively communicating with faculty
Observations are followed by a debrief meeting with the TA to provide constructive feedback for improving teaching effectiveness.
Teaching practicum sessions provide TAs with the opportunity to demonstrate their teaching skills via short problem-solving sessions attended by the director for teaching assistant certification and fellow first-time TAs. A standard evaluation form is used to rate the TA in the following areas:
 statement of the problem and learning objective(s) TAs who demonstrate significant deficiencies in either the observation or teaching practicum session are required to meet with the director of teaching assistant certification to discuss strategies for improvement, after which the TA is observed again in the classroom or participates in a second teaching practicum session.
Student Surveys
TAs are required to solicit student feedback early in the semester and at the end of the semester to monitor their teaching effectiveness. 
Program Evaluation and Results
Since the inception of the program in Fall 2013, it has undergone both changes in content and delivery to reach its current form. Changes to the program were made as the result of workshop evaluation surveys, which helped us to make changes in delivery modes and scheduling of workshops. At the end of each semester, focus groups were conducted to get a better idea of the topics that TAs felt would have been most helpful in a workshop that prepared them to enter the teaching environment -after having gone through a full semester of serving as a TA.
We feel that the best way to evaluate the effectiveness of the TA Certification program is to collect TA evaluation data from students. The graph shown in Figure 1 represents data from the early semester survey from Fall 2015, in which TAs are rated on statements based on certification program outcomes. The last column of the graph represents the overall TA rating. The indicated ratings are average values of all student surveys (N = 1218 students, n = 86 TAs.)
While we were pleased with these results, we decided to look more closely at the individual overall ratings for each of the TAs, as represented by the histogram in Figure 2 . Any TA whose overall score was less than 3.75 was flagged for intervention to improve teaching effectiveness. The data revealed that 18 out of 86 new TAs, about 22%, required interventions such as coaching, additional teaching practice sessions, follow-up classroom observations, and/or more structured instructional planning. During first two semesters of the program, the workshop comprised several sessions that stretched out over the first 5 -6 weeks of the semester. The reasoning was that new TAs could bring in their experiences of being a new TA into the discussions and activities for each workshop, which would enhance its effectiveness. While this generally turned out to be beneficial, the fact that the training was stretched out over a relatively long period of time -and further into the semester -resulted in significant decreases in attendance which prevented many TAs from successfully completing certification.
Starting in Fall 2014, the workshop was held as a one-day event prior to the beginning of classes, which significantly increased workshop attendance and subsequent completion of certification. In addition, this had a significant impact on early-semester student ratings of TAs. The histograms below show the distribution of overall TA ratings on a scale of 1 to 5, where a score below a 3.75 is considered a flag for intervention to help a TA improve teaching effectiveness. From Fall 2014 onwards, we noticed that the percentage of TAs requiring interventions has remained almost constant: 24%, 26%, and 22%, respectively. As part of our ongoing work, we are interested in determining how further changes to the workshop or follow-up activities can further decrease this percentage.
Ongoing Work
While we are pleased with our results to date, we recognize that there is still room for improvement, based on feedback from TAs, students, and faculty. The most pressing issue identified by faculty and TAs is that they would prefer differentiated workshop sessions that better align with individually assigned TA responsibilities, e.g., a special session for TAs who will primarily be working with students in experimental lab courses, a special session for TAs whose responsibilities involve office hours and grading only, etc. We are currently exploring ways that we can offer such options within the one-day TA certification workshop without putting undue pressure on TAs to spend additional time on professional development activities.
The most salient issue we have seen from student feedback is that some students feel that their TAs are over explaining engineering concepts or spending too much time on less challenging content, while other students feel that their TAs are not spending enough time explaining engineering concepts and are rushing through curricular materials. We feel that this can be addressed by creating workshop activities that guide TAs in the development of creative strategies to help them meet the needs of less academically prepared students while ensuring that they are engaging students who are seeking greater academic challenges.
From the standpoint of evaluating program effectiveness and its impact on retention, we have embarked upon an ambitious data-analysis effort involving direct comparisons of early-and endof-semester student ratings of TAs, and completion rates and class averages for courses that have traditionally lower levels of student success.
Implications of this Initiative
Based on the preliminary results of the TA certification program, we believe that this program has demonstrated significant potential to increase student success and retention, while providing relevant professional learning opportunities for TAs that will serve them beyond their roles as engineering educators.
Although this program was developed for graduate TAs at a research-intensive university, we believe that its core design principles will enable it to be adapted for use in engineering programs at a wide variety of institutions whose programs and student populations differ from those at the University of Texas at Austin. It is our hope that this paper will serve to open up a conversation in the engineering education community on how we can best serve our TAs to ensure that all of our undergraduate students are provided opportunities to achieve academic success. 
